Background: Visceral adiposity index (VAI) is a novel gender-specific index based on waist circumference (WC), BMI, and lipid parameters. Although VAI does not actually estimate visceral adiposity, it accurately reflects visceral fat function and insulin resistance. This index has not been studied in children thus far. This study aims to fill this gap. Methods: In a cohort of Saudi children and adolescents, anthropometric measurements and metabolic/hormonal profile were obtained. results: A total of 543 subjects, 292 of whom were boys, were included (mean age: 11.9 ± 3.3 y; BMI: 19.8 ± 5.6 kg/m 2 ). In all subjects, VAI was inferior to BMI and WC regarding its correlations with adiponectin, leptin, insulin resistance (homeostasis model of assessment-insulin resistance (HOMA-IR)), C-reactive protein (CRP) level, and systolic blood pressure, but it exhibited a stronger association with glucose in boys (r = 0.23; P < 0.01). In stepwise multivariate analyses, only BMI was consistent as an independent predictor of adiponectin, leptin, HOMA-IR, and CRP. VAI was the only index independently associated with glucose. conclusion: Although VAI is related to glucose in children, it seems to be inferior to BMI in terms of association with insulin resistance, adipokines, and subclinical inflammation. Until specific studies can be performed in children, VAI should be extrapolated with caution in this age range.
W
orldwide prevalence of childhood obesity has increased at alarming rates: about one-third of the young population is within the range of overweight/obesity (1) (2) (3) (4) (5) . This is especially worrying because obesity is associated with subclinical inflammation and confers an increased cardiovascular risk (6, 7) . More specifically, adipose tissue-derived factors that comprise the family of adipokines are considered to play a crucial role in promoting inflammation, insulin resistance, and atherosclerosis (8) .
In everyday clinical practice, BMI has been established as the main anthropometric index for the assessment of childhood overweight/obesity and international cutoff values exist (9) . However, BMI reflects overall fat and, in this context, waist circumference (WC) has been adopted to provide information about abdominal fat and for prediction of cardiovascular risk (10, 11) .
Recently, research interest has been focused on the function of visceral fat. It has been demonstrated that subcutaneous and visceral (both omental and mesenteric) fat mass represents adipose tissue fractions with diverse actions in terms of insulin sensitivity, lipolytic activity, and adipokine production (11) . More specifically, visceral fat is associated with the production of adipokines that play a key role in the determination of insulin sensitivity and in the initiation and maintenance of subclinical inflammation (8) . In this context, visceral adiposity index (VAI)-a novel index derived from anthropometric (BMI and WC) and lipid parameters-has been shown to be associated with visceral adipose tissue and, moreover, with adipokine levels, mainly adiponectin, insulin resistance, and glucose disturbances in adults (12) (13) (14) (15) . In addition, this index seems to have predictive value in terms of an increased risk for cardiovascular events (13) and has served as a marker of insulin resistance in several different nosologic entities (16) (17) (18) (19) (20) (21) . Furthermore, our group recently reported, for the first time, the strong relationship of VAI with adipose tissue secretion and with functional glycemic disorders (22) .
VAI is based on WC, BMI, and lipid parameters as follows: males: {[WC/39.68 + (1.88 × BMI)] × (TG/1.03) × (1.31/ HDL)}; females: {[WC/36.58 + (1.89 × BMI)] × (TG/0.81) × (1.52/HDL)}. Here, TG stands for triglyceride level and HDL implies the high-density lipoprotein content. This index seems to reflect the severity of insulin resistance and exhibits a strong association with both the rate of peripheral glucose utilization during the euglycemic-hyperinsulinemic clamp-currently the gold standard of insulin resistance calculation-and the visceral adipose tissue measured with magnetic resonance imaging (12) . However, to the best of our knowledge, there are no data concerning the value of VAI in children and adolescents. Articles Al-Daghri et al.
The aim of this study was to examine the association of VAI with insulin resistance, adipokine profile, and subclinical inflammation, compared with BMI and WC, in a large sample of children and adolescents.
RESULTS
From the initially screened children, 542 subjects satisfied the inclusion criteria and were included in the analysis. Their characteristics according to gender are presented in Table 1 . Briefly, girls exhibited higher BMI, VAI, homeostasis model of assessment-insulin resistance (HOMA-IR), adiponectin, leptin, and resistin values, whereas tumor necrosis factor (TNF) α level was lower ( Table 1 ). According to BMI status, overweight and obese children, compared with normal BMI children, demonstrated an adverse metabolic profile ( Table 2) . Moreover, VAI was increased across BMI categories in parallel with cardiometabolic characteristics ( Table 2) .
In bivariate analyses, BMI (mainly) and WC demonstrated the strongest associations with HOMA-IR, adiponectin, leptin, C-reactive protein (CRP), and systolic blood pressure (range of coefficients: 0.11-0.64) compared with VAI (range of coefficients: 0.008-0.28) and waist-hip ratio (range of coefficients: 0.001-0.25; Table 3 ). In particular, in the total sample, compared with VAI, both BMI and WC were more strongly associated with HOMA-IR (r = 0.27, 0.43, and 0.39, respectively; P < 0.05 for both BMI and WC, with z-statistic vs. that of VAI), leptin (r = 0.25, 0.56, and 0.46, respectively; P < 0.01 for both BMI and WC, with z-statistic vs. that of VAI), adiponectin (r = -0.02, -0.25, and -0.11, respectively; P < 0.01 only for BMI vs. VAI), and CRP (r = 0.08, 0.26, and 0.17, respectively; P < 0.01 for BMI vs. VAI). On the other hand, VAI tended to be superior only in terms of its association with glucose in boys ( Table 3 In stepwise multivariate analyses, BMI was consistently retained as independent predictor of adiponectin, leptin, HOMA-IR, and CRP, whereas glucose levels were predicted solely by VAI ( Table 4) . Female gender was also independently associated with higher adiponectin and leptin values ( Table 4 ). The highest variance inflation factor was 1.22 (tolerance: 0.82) in these regression models, which ensures the lack of collinearity. It should be mentioned that the independent variables explained only a small amount of variance of the dependent variables.
DISCUSSION
The main findings of this study are that among all obesity indexes, BMI was superior in terms of the relationship with adipokines and cardiometabolic risk factors, but VAI was independently associated with fasting glucose levels.
Recent studies have demonstrated an increasing prevalence of childhood obesity (1-5), a fact with significant implications for public health because childhood obesity has an adverse impact on adult morbidity and mortality (6) . Our results are This is the first study to examine the potential extrapolation of VAI in children and adolescents. This index has been derived and validated in adult populations subjected to magnetic resonance imaging and euglycemic-hyperinsulinemic clamp studies (12) (13) (14) (15) . Similar studies would be required for the direct calculation of this index in children; however, these are difficult to be performed in large young populations. In our study, the examined obesity measures showed consistent associations with age, blood pressure, adipokines, HOMA-IR, and CRP; however, there was a trend for superiority (stronger correlation coefficients and independent predictive value in multivariate analyses) for BMI (mainly) and WC relative to VAI and waist-hip ratio. VAI is independently associated with glucose values, a finding that has been reported from our group in a recent study in adults (22) ; however, this finding cannot establish its predictive value concerning the future emergence of impaired glucose tolerance and/or diabetes. On the other hand, BMI-an index of overall adiposity-was strongly associated with leptin values, which in turn demonstrated the strongest correlations with insulin resistance and subclinical inflammation.
The role and the difference in visceral adipose tissue, compared with subcutaneous fat, in the development of insulin resistance and metabolic syndrome has been well recognized in adults (23) . However, children and adolescents should not be considered as "small adults" when considering adipose tissue because different pathophysiological cues are encountered at different age groups (24) (25) (26) . Considering the above as a whole, it is not surprising that a previous study demonstrated that, contrary to the situation in adults, visceral adipose tissue and inflammation markers were not correlated with insulin sensitivity in children (27) . Moreover, another study showed that in prepubertal children, leptin emerged as a genderindependent discrimination marker of adiposity degree and as a useful, gender-associated predictor of systemic insulin resistance (28) . These findings raise questions concerning the assessment and the role of visceral adiposity in children in contrast with the established data in adults. It is worthy to note however, that parent-offspring transmission of adipocytokines and metabolic traits is highly heritable in the cohort (Arabs) used in the study (29) and that although BMI, rather than VAI, can influence insulin resistance better in children, the genetic factor still plays a major role in assessing cardiometabolic risk.
In conclusion, overall adiposity in children as assessed by BMI can better explain adipokine status, metabolic parameters, insulin resistance, and subclinical inflammation compared with visceral obesity as reflected by the VAI. This is in contrast with reports in adults and needs verification. Accordingly, more studies should be performed in children to elucidate the usefulness of VAI in everyday clinical practice. Articles Al-Daghri et al.
METHODS
In this cross-sectional study, a total of 619 apparently healthy Saudi boys and girls aged 4-17 y were initially enrolled from 4 different Primary Health Care Centers in different areas within Riyadh city, Saudi Arabia, during the period March-December 2010. Subjects with chronic conditions such as asthma, type 1 diabetes mellitus, and hypertension; history of cardiac, kidney, or liver disease; use of medications known to affect body weight (such as steroids); and psychiatric conditions were excluded from the study. Subjects were assigned to the primary care center most convenient for them for the collection of anthropometric data and blood extraction. Physical examination was carried out by the attending physician who ensured that the participants met the inclusion and exclusion criteria. Weight and height were recorded to the nearest 0.2 kg and 0.5 cm, respectively, using an appropriate international standard scale (Digital Pearson Scale; ADAM Equipment, Danbury CT). Additionally, waist and hip circumferences were measured using a standardized measuring tape in cm, and the waist-hip ratio was estimated. Furthermore, BMI was estimated for each subject (weight/height 2 ) as kg/m 2 and the Cole's criteria were used for the definition of overweight or obesity status (9); furthermore, child-appropriate indexes for BMI have been used (19) . Blood pressure was measured using an appropriate mercury sphygmomanometer. Blood pressure was measured twice at 5-min intervals, and the mean of the two readings was recorded.
Blood was withdrawn by a nurse after an overnight fast (>10 h) on the same day that the anthropometric information was gathered, and serums were kept in the biobank of the Biomarkers Research Program at King Saud University. Serum insulin, leptin, adiponectin, TNF-α, and resistin were quantified using multiplex assay kits that use fluorescent microbead technology, allowing simultaneous quantification of several target proteins in a single serum sample of 50-100 ml. These included premixed and fully customized panels that use the LuminexH xMAPH Technology platform (Luminexcorp, TX). For parameters measured using the multiplex assay, the intraassay variation was 1.4-7.9% and the interassay variation was 0.21%. Minimum detectable concentrations were as follows: insulin: 50.9 pg/ ml; leptin: 85.4 pg/ml; adiponectin: 145.4 pg/ml; resistin: 6.7 pg/ml; TNF-α: 0.14 pg/ml; and plasminogen activator inhibitor-1: 1.3 pg/ml. High-sensitivity CRP was determined using enzyme-linked immunosorbent assays (Immunodiagnoztik AG, Bensheim, Germany), with intra-assay variability of 5.5-6.0% and interassay variation of 11.6-13.8%. All fasting samples fell within the detection range.
Based on fasting values, HOMA-IR, an index of insulin resistance, was calculated as follows: HOMA-IR= (I 0 ′ × G 0 ′)/22.5, where I 0 ′ is the fasting insulin (µU/ml) and G 0 ′ (mmol/l) is the fasting glucose. VAI score was calculated as described (12) Arabia. Written informed consents for parents and assent for children and/or adolescents were obtained before inclusion into the study.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Sciences software (SPSS release 17.0; SPSS, Chicago, IL). Results are presented as mean ± SE. The Kolmogorov-Smirnov statistic was used to test continuous variables for normality. Spearman or Pearson correlation coefficients (r) were determined for the assessment of the relationship between obesity indexes, adipokines, HOMA-IR, and CRP. The difference between correlation coefficients was tested with Meng's z-statistic method. Mann-Whitney or unpaired t-test was applied to compare variables between boys and girls. Kruskal-Wallis or ANOVA test was performed for comparisons among the three groups. Moreover, the χ 2 test was applied for comparison of percentages. Stepwise multivariate regression analysis was performed to define independent predictors of adipokines, glucose, HOMA-IR, and CRP. Independent variables included gender, age, and all the obesity indexes. Variables that did not have a normal distribution were logarithmically transformed before entering into the model (WC, waist-hip ratio, adiponectin, leptin, HOMA-IR, and CRP). Tolerance and variance inflation factor were used for the assessment of potential multicollinearity among the variables retained in the final regression models. A probability value of P < 0.05 was considered statistically significant. 
